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Abstract of WO9701 1 1 1 
Apparatus for creating an image indicating 
distances to objects in a scene, comprising: a 
modulated source of radiation, having a first 
modulation function, which directs radiation 
toward a scene; a detector, which dejects 
radiation reflected from the scene, modulated by 
a second modulation function, and generates, 
responsive to said detected modulated radiation, 
signals responsive to the distance to regions of 
the scene; a processor, which receives signals 
from the detector and forms an image, based on 
the signals, having an intensity value distribution 
indicative of the distance of objects from the - 
apparatus; and a controller, which varies at least 
one of the first and second modulation functions, 
responsive to the intensity value distribution of 
the image formed by the processor. 
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3 . it *©«bh^ i nactsmtommtc^r. ±mm 1 * £r>*ig 2 ^pbbs*^ 

HSWt^F L^@#©/ WXifI*<rr S/^l/X«r-g-A,-efe 0 . ±353 > h a— 7 
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zmm&tg 2 <y 9 mmicz k> mmzti, ±tisz 2 £MURtf±G& 1 & <t 
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* 1 &MHft%:&U ft^*«*cifii*tj-er**BI?nfcSc«jfiJBi:, 
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1 6. f»*OS6H^l lfSftttSi saWcSaBoSBfcfcv-C* ±IB->^-y 

u-r tf-v-f ^ a v v*;^ u- h t Kyv- h teas*- s s »*. rth b 
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5 1. »j£©3SBfg5 03SfclB«©v'X7 i AfC^3i/->T, ±EIH«fll$B* , * , 5— 
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8 7. »*0«BHJB8 69IKIE*0^rj56»«:*V'»T, ±C3B 1 Bi«K:H:i6&Sft 
net, 

8 8. W*cDiSH^8 5^~H8 7«OV>-ftl*Hu|H«(D75-ffitCi3V^Tv 
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m m<DE.xftmm. ip % m&^vmm rn^ts m&*&£. ^ -£ & & ©a * <d 
Wfotfrnfa-eiibZo ASW^giLta. ^t>®%v$?3mm (t ime-o f 

-f 1 i gh t) ffiffi^ffi*J:tfHftSMS;tf*5. Cft&©a«rett- 

*5£w<Dmm%.ffit ltw zKmmftm 5 , 200, 793 #t±. ^mj: c 

CDfeK teftS©^*?/- SUET" W * * 7 *H§^ b T V >5 0 ft* 

mmffi.Wftmktzfc-iftT, tt^^-h^mm^a^mm^ftrcmmnu^x 

XX. i"Wf-f5 (S. C h r i s t i e, e t a'l) 

53KfcbT*tfs, r^^-v-^v-h • -tMxvx • 7vf • f^/ni;- (m 

easurment Science and Technology) <£>sl 6 
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>-9->X-rA^ga^LTV^ 0 Ev'X^A«S6gO'if«^SS*ff If fit 
SOBft^ffSy- h*5it>*tf^^nfcC C D^^^^r^-c'V^o ±S2U— 9* 
&3flI<DS£ OfiBS*/ J6fc^p £ ft. ±12* * ^ tt*S lA>B$H<Dfll 
* ©IHKc±B1HW» 5 § fc J6 h ? n § o *j<70^-b^;l/Xa 
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/VXOHIC CCD7 *3ttO^*©3ft«f±, ±12* ^7^5i 

• iV^ J- n • 4"7"t-i' *y ^Xtt (Imco Electro— opt icsL 
td. , ) fCiDSjfrSnTV^ ^^^77^ F • U^X • i/^K 
(Intensified Lens Sys t em) J Oi^i, f-h^y 
fy^T-ft (gated intensifier) **nfc!&&Lfc?>* 

So 
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6 3$SSr*ftIT £fci6©fe<D #IS £ Ir! C m 

■AfcJiDrauHfcttaistifc r*yf^*;i" (Opti 

cal Ranging Came r a) J S5€t*tt5-#|OPCT# 
•y * fc L < tt RffiS/* y £ fc«fc t) £R£ n, Ks/ * v 9 «^«>ffi«> 6 tifcgBEP© 

Ra<offin, ^»f*3j:t>™^n. ^na±isfi5dvf^ii^3fiKiT*5io : iiK^ns 
a^*© & >< 7 & nm&twt a it «> tc sags n § . 

«fc 5 fc. -ofit±o»WW'>* -y * fe t < im&is* ri?ti5-S 

subov < o*^©»* L^mmm^it, k d p*sa£Mgg<o £ 3 a, — w±© 

fflQ^iKfcTOLTV^iaKfcattQ'rs c tic £ «*W»caEWrs c 

S5fc*ftteini*TfcL<tt*ftfc:f«.T, S«iftttfie*«J3ioU-by h 

/ v - k 7 * h s«fc .t: o saw sci^f, «k«t? &±ie*sn7 u-r a 7 
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?nft rrb-feyh'j • ^TtV rt;!/ • l/^v^^"- X*^ (Telece 
ntric Optical Came r a) J 4^»02#gOPCTlilI 
Kgett2*rtv^£5&s rWiVhyyi' (Telecentrfc) 

till 2 <DffiMK£ vmm-ZtiZc CtiZm 1 O&Tgfe £tffg 2 oajBOJBtt* J: 

t>*^ 2 oasgfc: <fc 5 ri?n?.-^ * * ^ «±fEr>-r > F <f i^otffto*© 
, *J:tf£;fctt*©tt£tf3fc#3n;5o #*L<ti, JJR^Z/ F*«3:fcu 3 

*^ra©v> <-Dfr<Dft£ L^mmmmrHt, ±§zm 1 ©tsgg* «t tf'as 2 ©sag 
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*^©V^<o^(Ojff$LV^ffi^T?tt, ±fB7^ V K ofiLh 
©^^OHWO^^-^WSn* J:3KWSE*n*o IfSKIi, ISIKD7 

> K 7 tt±iM>fc < 1 1 -ooSfft^^t? fcifetjfSK te±tEfff 1 O 7 
#3:L<tt* ±E7>f:/K7ttM», gW©±SB*!>&< fcfe— 

UV^*SBgttT?B, ±fE7w > F*©W*Kc****7*»6©e 
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?5C!fSL<l4, ±E«fi7'l"rtt*-<DS 1 Xyi/"Kjfigt5S IffOCC 
217 i?»c ifift-r *S li'y^i: tt£*MM©±E C C D7W OdBBFff*^ * 5 

mm i ff t«»fi4:oiBnf, ±ETb^©&^©»irf s^g^i"^^^ 
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mmv-tyYtJ itmm^mm t u < 9Ar~-f\c z. k> muz ns « s 

<£3fz:fl£j££*vrv^ 0 #^£D*>7b^X— /^H*ii, 0>J*.fc?9ffl<DiIii!g© 3 x 3 
ft tl5, ±E-> + y # 7" W tt±E 9 ffllO tT * -fe;KD#* ± 

1t*©f^fc«#SH&£ftSo Wttf 1 x 2®*, 2 x 2SiJgfc L< « 4X41 
(gated addressable microchannel arr 

ays) Kn&L<itwsytmMm<DTMm(Dm<Dz^zf<Dymwffi7i' 

±fBLfe<fc3tc s ±I27*W<DllWi ry-yi/a • 77l>— A (push b r o 
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a.— A • ^r— F (push-broom mode) "elfrfFfS £t&l£ 
&T* # § ^SBS-r S c k * § t raoaScofifis^SiJSt 3 c k ic * 0 , ±E 

7C 
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u xm& e mm* -eiDsmzwtt zctK£K> m&tm&t s teuton x. 

KKIfrS ft, * tf >l: ± K> ±ESJtK fftira^ tiZ&tUZ S(D^f g Afr 5 * * 

±KW«*»6R»f* ft. fg 2 gHHSttc ± *3 XII* nfefcS*HS*«MOf 3 k 

±IB7 ,, n-t: -y-y-fc <fc DJBiS^ftSHflkOiSfi^tettJfcrsS 1 fe±tf*2S 
iHI!8&©4>£< kt>— ^ftS^Sn^bo-^i: 
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IMKHMMTT * WMMBtfT * ^ >y > 
•3, KSgHtSW«±8H^aiS§ltc=fcD^?n. fro, 
*»WO»S b V>Jtfl0BJftfc J: 5 > * fc> 'If **<£>iftf*3: ■eOEK^^flfc*: 

(telecentric) %¥&t, 

^SJ*tifcB«<D5SS^K:*SbT, ±iesefr £ ro^&cogggt^-f 
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±mmm.Mis£tftk%i&immffiiE (bores ighted) ? trass 

Ml i S3Wmi6**LT:&9, '1«fllcift*oTaQWjft*«»)iftW-*SSII«nfc»: 
±IHH 1 pJRPKHiE (boresighted) Sn, ±e*Sfr 

tfa-^ttWOfcOfc^ftfcJfclW-*,, ^ntefW-Tfeb ±153 
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liTf 3 fcfe©^X^A^i:fc«$;1- £>&©!?;& oT, t£->Xx.Mi±fELfc£5 
tfeot, M^X7 i A«^#©#F*=lti:|fA-riifci6©*iSa5 ; & ; fi""r^ki:fe^ 

, ^s^ ; en^c/g-&•r^/-c^6©«gl5ffllJ©4SS^ ; t•r§p t 3^lai:^ ±i2bfc<t 

»<Oj^teWr*EWlHB**ty, 'l»S©®#^^f 3fca6<DiJ»K;*7*^k, « 

* n V- h teifiSPT § X-f -y ^rffi*tffiRO«ST? T 

. ^©#*©*ffi#J:fe7V- h©^jES-r^lR^T**^©*DM^SIi'r§«Sk 
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ib i mammae* ^mmm^iomm^mm^r. mmm^mmicm^ 
m 2 gtmrnmc & +> jjanHt** & ©EftrasfcSEarr set, 

.... . 
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±E1f *rtfctBROTff ftlBH** U **frE«IS*l**rr *-b^ v h % 
3®&r3ck, 

£Ck. 

oraWMMfSI3&r*ci:*^», fro. 

fcfe— oo«RO|IBBI**rr*'fe^>'horaiHI1 l * , *ft< k£>-o 

±ie l fc^tc «t o ±e» i j * - 5>*£jsw set, 

±ibsi i -r * - : ^frfea* nfccD t iq u^i* T?±t?w»©!f§ 2 w * — s^*** 
-rsc k, fe^tf 

swoftms, «»*©«rt*ST?©»£j*-rJ& 1 wm**ei&t % c k, 
mm 1 itic <fc D3**ti* ±54, tftjtosis^t s c t, 
4>ft < k t— ^<o®fciz^<Dm&*^ts&UVm*ffij£t 5 c k. 

5ck, fcit? 
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CtttSfr. mXWft£T*<»&m^±.mV->%T>cDmM£K> t>'hZ < \ gift© 
0 2 Ate, Lv^^MKiSxU^bU 
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03«\ *5£m<D&&L^mM&MtC£Z>® 1 fcb<te02 BOfc^fcfcfc 

£fc&©^$JSE#^->X^A©«80T*&3o 
0 8 Bits ®8 \<Di/7sT2±K&Z>±&Zti&£r ! *m&<OWtV&WT~$>Zo 

BIOS, *»WO»*bv»*Sfi?gJBtcJ:5. Jtt^B0Ettia«*?<5O«WH 

0 1 2 Ate, #fSU§©#3:L^JQSJg!i&c<fc£, 0 1 oco^7^^i:i:fefcffiffl 

01 2B«\ *«^©#$LV»3lfl0BflBfc:J:*N 0 1 1 AfcS£ftfca8e*H 
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mi 3 it, *$£m<Dft-g:i,^mM&Mic£2>, mi ocommm**7ic&-3< 
mmmmm & > x j- a o«ebs m x & % 0 
mi 4i±, *&mco^-3:-~D(D&*^mffifcmic£5,, mi o 

mi sit, *mn<D^g—~3<D&$;L\<^MBmc£z>, ^mmmmm^^ 

mi eit, *¥%m<Dft&L^mmfcM< l c£%m i o©«sa^* ^^<d^tu 

mi 7 Bit. *mw<Dtft%is^nmBmiz£z. &mmM i y-ov<y%:^i&? 
zfctbicmi 7 A<vxx^i,cmmzftzm%]7i''{<D&ftigtmmT'$>z> a 

3 — :?, P^-xX^cD-i'— X Fvyo^i' (Eastman Ko 
dak) ttlOKAF 0 4 0 0 C C D7 *'J 7*;b-7jf>N^— — "W 

• v 7 — • 7>K • is— (E G&G) (R e t i c o n) ttl© 

HS 05 12J CCD7WOJ:34CCD7W^m. CCD2 

< «±IBA ^ 7 <fc *) nfcita 2 6 OH^7LT J v J * ;HB®, feL<!i@W 
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WmW- 1 1-5 0 8 3 5 9 



>X3 633±tfmt«St> 3 8**A/t»V*. «!) 3 0feJ:^iftl/yX3 2»i-r 
Hryh'Jy^ (telecentric) )t^3R*?gj«LTfet3s U^X3 2 
aifft2 6*><=>Sttfc7 l e£^fl§§3 4fC^ftA*fT^ 0 ft*£SH&3 4 
L < «\ t»aa©iB 9 B B KD P fe b < &(5fr<D®M^#»fr £&&t£«SP#§^ 
*A,T?^S*\ ^n(cft;LT. SWfc^SSWS, SftS/*v*fcL<tt«5a«tt 

(City of Industry) £>*7° r- • /^7— • n— # > a 
V (Opto Power Corporat i on) IOOPC-1 0 0 3- 
8 1 3 U— OV*- K©«fc5fc, l*titfjU-1f*>r:*— K%Wr*3tt»4 0* 
StStt&lc. JbiHU — If 2V*— F(ci5ltS2 6©Jf{£i%— *BSW*»5fe 

tf^LTVTfc i<s 3:fcu MZ-lSXhutf^yy (strobe la 
mp) CDJ;5&-f t — l^Vh^TtM^WbTV^TfcctV^ igSfr0§&4 2tt 
, 4 0fcA£'V7 ^SS#§3 4 tHWl'/'OtO'PfeoTtt 

£v>ftKHH4 4 <wji2 6osaw*sw"r*fei6K:jttW4 o iiaasuTv* 

. JB»}|h]S&4 214, S6*sa«4 4©&fi&Lfc±E**©JlRlB* 

at a «fc ^ kxmk mm teas tifc A*/* u -*m&? s^clts*^ 

o 

j&sgirrsfcftfc^ a»3 4*#jwr*ti:feK, g»H§4 4 43j:tf$fctt 

4 6t4Vf7 ; ^7 R n-lr-y9-2 4 fciMU fig^43<fcO : SI#7tO^P*\ WTfcifi^ 

02A«. mu^mmzn, *m<D&mscifch\sxm?%>±m<D— fgop c 



(35) 



^mW- 1 1-5 0 8 3 5 9 



T»ttttiillce»£ft-CV*v fWr>hy y ^)t*WS*X7 5 O^r-g-CJ. * 
&2 8 43J:tf3HM 0*£A/?lr->«. *X5 5 0«-flgfc#*y 2 0 

©t?***^ ^nti±, *^7 5om ftaoana 5 2 tijtjs 4 ojjp 6 osa 

BJ3fc«S2 B*67W2 2fcRSSi*3ti:©W^*SSWrr*i:V'>3jSTv SB 1 

jt, »*L<e» ^B^;-aij!io^n§sii^43j:a : s*f^fcEPiip?n^Si2& 
±iesn*3=fctfss2«^A^n ; enEni!jo^n^-77, ais»5 2H:BaM«4:s 

S^fcOM^tMSggiJK-JRJceSST* C t^5T*S5 do »S U < it. u 

§^isg§5 2fc±t>e&*nfc^fc©*j^LT«^*$s£-rs B i-jt, 09*. 

tf, 7U-T2 2#±fC&^fcJ:5S:C C D7 W«-gtr* ^fgBJlOS?* LV^SflSi 
JgffiTffiv t£5= ? ^-7 p n-tr-y^2 4tf±3H7' W<OW?S"-*y**, Jlft](DJ;5C 
x ±E»2iKJBi:(S8fflbTWBI'r*o. P5«C. WftlsHB 4 2 f±#S L < W\ ±12 

m2 at, 2-D<^mx7^^ 2 2^3*^6 s^-r^u^hvy^ytmrn 



(36) 1 1-508 3 5 9 

iELftffllOff* LV^aBBJBTKIRStiT^* <fc 3 ft, 5 2 fc «t DSP 

■Sft*HIHl2 6*>6©«*S«r*o 7W6 58, HT-AX^U <y * 6 6 

fl2> a 

* i^TfCxg^^ «fc 3 fC, 6 4tci:fcEP;!ra£ftTfe> 7 U-f 2 2 (C «fc D Sft 

*ft*M«cHLTITO©lt**»S. 7U-f 6 5 5§ft£ft3=MIiIHf! 

Hi, mz A, H2 B*±tfH2 CKia^«nfe»*b^3fe98ifeJB»iT-U-fcv 

TfflftHmK.7&-& ft* a 4: fe KlEJRSftTVS «fc 5 ft, 7 ^t- U-fe^ h U >y 

@3«> HM12 &<Dmm%h*?ifrz<vRMK*zn?ft^m~?z>&5 0 

5„ J?SL<tt. W«Jg6 0 43itf6 2»±, JHIBTOIHs ^ft£>©i*VMli£:ffi§ 
LT, &*©±!B3SW»*II*» l£P!i§3 4#BB< 5 >^±3HSWS 4 4 



(37) ff&qz l 1-5 0 8 3 5 9 

Oib^^n^nBgfKD 1, D 2*5<fctfD 3fCSB«^nfc^ 1«¥*7 2, fg2M 
¥#7 4*5cfctfff§3*£5#7 6£#t?«&©W*^A,T*^£. &3?#7 2, 7 

^7U-f 2 2 _hfClK3££*T.£ 0 ^SSS§3 4ft£tf4 4#CW^-h\ Tftfc^ 
^1I#§3 4 33j;t/4 4A^SE»6 2 33J:tf 6 0 fC «fc t) lKK]£tl& h #fC«, 

•^n, LfrLa*^, »s*7 2, 7 4*«fctf7 efreEtJsnfcjfcfcj&cxT' 
«4 0K«tDa»5nfe«fc»LTS*«nse»i^iiBo/£i6te» ±is^-X7 

'fyf§ttti4oTV>«. c©e»fl*IHKi— JKK: t i = 2 D i /c T«sn, 

dc-ecfi^xfeD, i?**.^ i «m^7 off© i*ioS¥fttaLT^4. 

'B3fcjSStt*.fc5K: r T*J:tfT©fil03iiR»i, *jNeil*J:tfft*dBi, D 
m i nfeitfDma x fc «t *)*Htt&mXtlZ>BBMV'fy 7 8£r*jtSLX 
&t>> CilTDm i n = (r-T) c/2fi<tyDma x= (r+T) c/2X 
t <TT£Vi:i£fCH\ Dmin = 0t*«o 4CJ:tf 4 4^ 

SnTV^AdJCftffUTV'SfcSKfix D'3>Dmaxt*$5Sffl:7 60J: 
3*, ^-r>K«77 8©^K**«?»*6oy6«SEH»3 4»uJ:Digtt«ti, 



£P>tC, 0 5K^f <fc5tC $¥#7 2feb<«7 40i5ft^yK!>7 8 



(38) 



1 1-508359 



I i = I i/S i t f (1) 
CCT% I i » i#S<D4^#KJ:32KEffifl:fc*T?*9, f «7l/^2 2 *^ 

±IH^— >"fl# S i \&, ±adhfc£?K. ^SS#§3 4*<fctf 4 4 

^nS«fc?tC, a* 76 4flO«3B7W6 5«dtl5>©^— X^-TVM^ 

ntfeiv\ c©i^, #iE9Mfcfl»l i ttSftfcJtffilLTittfinU ±IBi£J£« 
^ntavKiH^we, 6 5 U-fen yKO»- ©If rt7^- 



(39) 



^mW- 1 1-5 0 8 3 5 9 



OtSti«>. &¥##EgJiD i = rc/2 i: *tc**ffl**rr * i: 
TfCit0IJ-r«*a (Dma x-Dm i n) %tbt^5 0 A^7 2 OA^^VK 

*±BIBilft«^J_Ltt, #*7fr5«fcD**fc£*teticBLT^3«J¥tt7 4 

, *ttfc:fl£*.T, cnSOiSJgli^n^nT 6 Ofe«fctfT 6 2<0*I%^LTV>T 
*.«fcV> 0 WAfcf. T60tL<(iT62(ii:t)?i^i§I 143 «ttf I 2 «0H& 

^-ft-fi-^ & it 0 5 t Tjk-z n 5 Hft j&k** l , h ^ e> & t ^ * 

oTs *5WBO»S bV^SWBBJB-ptt, M7£6 043 £tf6 2 OittfbV\ 

±SBO«tt^ <7-c>K-778© tp'CrfMKti: t ^mtZ-O: 3 c t ic £ t> ftJSP 
?tit ± < , ±fE*^ > F ■> Ofitt T *mcm*% c tic j: 5 Wfp**iT fe «t 



(40) 



<t#S¥ 1 1-508359 



iC><05e<K:aW©4l¥{*:^ltit*n*J:3e, 4 6 K J: Dalit 

<fc 3 fOi'vKtf 7 8CD©^JK"r-5J;3^ 4 6fc<fc 

T*35ot, fe iB^tt^#©E«fc: S/ 7 h f 5 C fc tt C ©# 

^©^^5>y^V^«'NbT5©^Bfj«-3o *£¥#©— Os&VS: 

«fc 5#*§©£V 5 <y * Uvs^fclStf 5 =t 5 {fi^SI^©}£fW;: 



(41) 

6 o tenser time 2 emtmm 6 z± o fe*Vo 

i*BaWewbTV»* 0 Dm i nJ:9^SV^*te*3«¥#fc;^SIE81 
ftm^«> JJSLfttiE, HSWfc-tfn^HLV\ !S*D3fc**«^*7 6 
©«fc3fc. Dm i dJ:Dfc**< Dma x$TOEIt*4i?*fc»LT, IE 
#Hbfi#M:SIM6<JfC 1 |:f Dm i dliT6 2 £> <fc t?i&Jg 6 0*5«fctf 6 2© 
iC^±A^^pM{C^<fe#-rS 0 Dma x ttf$H r fc<ttf T 6 OOSHCfiBTr 
5„ S?£L<«\ Dma xB'Iff't'Oifel^lSSitf #0*^72 Ofr&O 
Sg^£Dfe;*:^<:&3.£3fCjgiR£n5o ££>fcfcfc, DmaxliDmax>c/ 
f £&3J:5fCjgfcmT£ ticeWfc^fci^fc, c "3 , f 
S*^7©7^-;l'HU-hfeL<(i7t/-i»l/-hT?fe^ StoL Dm i c 

C<Q Dmi ntDmi d fcCBSOg^JfiOSEISlSHrt^ lEMft^ftfc 

±Efll««:JWPWItaB«R"e*Dv ^ntcSo"v>T> «apf*7 2feirl7 4©=&« 

f«C*5«l#l4ffSL< Sif?n5. ±E$6ffl«T 6 2 *«ft*-»* C i: 
«fc 9 Jtlba *> L < ti W4>£ #3 £5fcLT&J:v\, 1 WOKHrt ©WStttett L 

t, iEM<t-£nrcm^<D&miz. H.5K:jssftfcBB»£ji&Dx m-vsmicn 

o 

^■5 2 0«'lf*7 OrtoeJB^-fVK^? 8)^6OH^7UiilflMl»«*»Tte0^ 



1 1-508359 



(42) 



WmW- 1 1 -50 8 3 5 9 



I4««I. iELfcidtc, gp#§3 4*3<fctf4 4#CW*-FT*l&fWSIHfc* 
n^7tiii#7 ? — * 3r^ST 3 = ±ffiH«x- * «B#i?#T#§ 8 o e £ t) S«£ n 
* KH#«?*f§§ 8 o (iff* 7 o rtott&fMHHNrs fc 4: t SfcfMi 8 2 3s ± 
tflit5^f^7W8 4*«*bT*^W*Clf7**lii{»*a{W 
So BWMWt»8 0*J:tflWlF*8 2tt»*L<l4, ffl*POJ:3K. 

*»W©«6te»SbV»l£M0g!«T{4, yXfi»3yhn-7 8 6(4, ftEft 

4*5£tf4 413;. ffl#«fc:T©*#V*liI:?HS&BLT, 7 2 ©JtJESftfcre 

SS(c4»iC^'&t>^nfe/£v^-r>F^*#^.5i3^ n>hn-74 6K«fcD 

*ofr**Tf» Jl&ofcBirffWKO'r v F S «fc 3 fc t fl«Bf*Oft 



(43) 

, ^titife^SS (chroma-keyed) T ^t>^> ^J«e#>6 

mstntwrnt*. BjRSfcw&sft*. ccMHsaa^ ^«>j£«>5ttfc&© 

te©«^#t4£K«Ffc:*i&3£i6 < ^AT*^&^ C i: £ 0 

H8 Atej5?rJ:3K:* bJjPU*3^6x *^52 0ttf'TyK , )9 6rtT?Aft9 
2 *5 =fc tf 9 4 COiS^^SWW^tt^ C £ tfT? * X K> «nfcj** 9 8 (4& 6 



WSTl 1-508359 



(44) 



9# mW- 1 1 -5 0 8 3 5 9 



^J^I3T7'W2 2K«fct)^J«*nSiBfl{b*nfeM^^ A^9 4*<A»9 2 
Hifssn^o iBSfl:«tife«#o^*iE«ft:ttA!»9 4*T»©J:DiE5t4Sae 

ffifcft^T* A^72 0fc£tfffl#:/n--tr-y+>-9 Otes JS^Jf^S 1 0 4 fe 

Sot, 0^©J;3(i:. *^ 7 2 0 1 0 6 J: 1 0 4 i: 
8^fasiJf Sfcfcifc, IJDOIiifiS^LT, 5 2 0 KKITSilB 

I10 4B, B^7 B n-b>y+f9 03^iEStK:±IBttflW3J:tWlRl*SlSf5O*l& 



(45) 



1 1-508359 



1 1 0£rH5£ffJ{cSt,TV>£> 0 1 1 Oti. 'J-77WCCD*^7ft<t 

. tm^m^-^ymmm^^^ i i o«, »*.u<«, =3fc7EiiMB*"&tr!ii« 

Hi Ofc^f <fc5fc> i i o»i, *^52 2 tra«o, » 

SKacCDTb-fm, ^DVh'J-y^X7H' 1 1 2 fc-S-A/PVSo T 

i^-r 1 i 'ziti ^snxp^^hco^co^ff^fTi i 4^ws. tr^y 

n-ir-y+hi 1 6ttiHllif ^7^" 1 1 2 teltttftf fct>fc v *ttfr 

1 1 0<D^3fil 1 8(i*ftl/yXl 2 0, U— Ti'-V^^T'W 1 2 

2 43it>*lii#b>'Xi 2 4%-§-A/z?^3 0 s/+y*rw l 2 2tt, ®2k<DW^ 

l/W ?IW>M 3 0, 1 3 2, 1 3 4, 1 3 

l<«, ff i i 4icmM^iitc^i^^iicm^mf^nrcmm 1 3 o~i 36^ 
1 2 6itm&X'<y*-i'<r®mmi 2 stcks n-Tv^-y^ri^f 1 2 2**9 

»U mm<0~>—'r>'Z.lcV£iXi<' J rv$Jil<*>h 1 3 0-1 3 6 

< /£46(cnvhn— 7 1 2 6{C<fcD8H:b<{if&J»sn£o l 2 6 



(46) 



W 1 1-508359 



-Y^-g-/uT?VSo 7W 12 2(t mi f7^fi 1 3 8E3-h?nft7* FT 

y-Fi 3 7, Y^i?nf-i'V^;l'7 , l/-f l 3 9, fcitf^^Xttcftfi^ttte 
mft^V : ?->>fm&M\ 2 8^t^2 5?7XSl 4 S^A/ev^o 7* 
h77-Kl 3 7*J:tf7* h*V-F 1 4 3te, JU0OiS«J**f^ 
fc^A/CV^So *-4v*V7m®m \ 2 8i±fftL<(i« 1©S<D^m«B 1 4 1 
, #!l;U£:7* YtlV—Y 1 4 3<£>M<D±tcn— h^ftfc I TO (indium 
tin oxide) OXh'j77 p S:^W5. Sffi^B^W^-T SfcfcfC, # 
7XS1 3 8**0*1 4 5tmcT^^nf+y^/l/7b-h 1 3 9t±0BT*« 

V^/l/TV— htm&<D$><D-U$>%t>\ i/wZx.U*y h 1 3 0, 1 3 2, 1 
3 4, 13 6*MUV>^ 7 P b-hft©^^nf-^>*;l/cDg&;5^ 

±E«BttlII!SIHl 2 8*»LT, »SL<B-2 0 0VDCOl/^Tf, M*l 

01 lfc^fiSK, •>t'^7H'l 2 2 0ftff(i> &©fflfr&3*ren* 
T'$5 3o 7* h7V-K 1 3 7(c«^-r5ft?«:. 7Yfnfiri/**7U- 

b i 3 9Ki2S'LT)wy*££'rs 0 iwvf 1 3 o K*fjS"r*«a i 4 7 

o— otf±iBft©JS*fffcJS^*ftTV'>5fc, xu^vh l 3 OteififW*** 
Xl^p<^h 1 3 0**/£LTVS?V-h 1 3 9^-e-< 



(47) 1 1 -5 0 8 3 5 9 

K-^M^ti^ibK^t^o cti<E><Dn^tt(Dt^mmi 4 7*ai§u it 

ttRftff 1 4 rWVH 3 0 fCjfigrf3#V- K<0««fc:*£?*» 

CO^n«M©iWyH 3 2, 1 3 4,.-, 1 3 6<DVvfntC 
t.*K»lcfi#ftv\ (1 O fC bT> ->t7?XW>M3 0(±i»Ci 

1 3 2, 1 3 4,-, 1 3 6«»tL<lt lWVM3 0CiVT, ^ti 

^L^Xl 2 0tt, mM26fr&KM-£tl1tft&i'*<y97Ml 2 2<D± 
i->t»^7W 1 2 2«WTfciE^5J:3^^ffli-r5o ±IB 
•y^TWfreoaWSftfcJfctt^OSL mmisl/Xl 2 4fc£»3#tSQ7b 
-Y 1 1 2<D±lcmWil£tl% 0 jffSbOi. ft^SU 1 8 14, fT 1 1 4««*J:tf 
^Xic^JtJni,xU^vM3 0~l 3 6<Di!i:^X(ejSDt, f+v* 
7Wl2 2O#XWyH3 0~13 6AWH'l 1 

4oi, isarrsfr 1 1 4^P)^5^;v— -7<D±foffi®?% 0 mi Oku, mm 

UZ/Xl 2 4^->fy^7W 1 2 2^{$l* ieog$T^D7W 1 1 2©1 
KIIS«*-&T^'*J:5fc^nTV'>SftV i/fy^7Wl 2 2fei^ffl7U 
-Y 1 1 2<D-mttff3%rtrmftmc%:tlP><DX.U*Z/h l 3 0—1 3 6 33£Zf?T 1 1 
4©*BJ*tt*^mfciSi:T, aSfcteWttfltU^Xl 2 4<DSgIE&aiRi:ffiJiJ 

2 2feiffi/t'y?xWyh 1 3 0— 1 3 6<Djz%-$ti i tfi%}Tl"< 1 1 2*3i 

t/ff 1 1 4 <D\f-7£KjS-£-r s £ 5 (c+^-zJn^ < -r& c ttf-ezz t twu 
?7U'Ci22 «&*az win teifiie LTifflK, Est § 1 1 (caraMM 

KJ:D J tnK:»-&^. SSmisyXl 2 4**WES-e*&g*J:t>3-$<lEl3KbT 

E9l 2A(^Y = yWf^7Ar'fe^t, *5SSO- -o<Dm% b^SfeW* 
HBfcJ:t), W7l 1 0©SW84 4ft±tf'>+y*7W 1 2 2teOTbnSn-5 



(48) 



mmW- 1 1-5 0 8 3 5 9 



feitfv'fyifiWi'h 1 3 0 «g«IttBI*>nTV>Ts /Vl/XffitfT ©JETER 
(ciD, fttf J ttt*ifi»r*J:5f«:l/TV'3 0 SHS4 4 kxWvn 3 Oi: 

xl^vh 1 3 2*«KC5lconT, xu*vl» 1 3 4#ffl^ UTH&fcLT 
, «&©xl^Vh 1 3 6#lftMl**T, JK& 7W12 2 4ToTVK. 
±f2Lfc«fc3^ S/+<y*x.ls*2/h 1 3 0~ 1 3 6 fcO*lT> & 
KlTls<fl 1 2©*tJCS-r3tTl l ^L^tr^l/— 7»Ctt1ll«2 6*6g»* 

01 2 Bfc5Vr«fc3fC 01 2AiCi?nftEl/^-yi 4 0H, 
il/^yh 1 3 0-1 3 6K«fc!)^£ft*-*03l*ltt<Sfc»3**tr«e* 
«Jr-ryK«> 1 4 2**15***. «ffl 1 4t>L<««fcI7 , H' 1 12 0ff^ 

— n4*ojt**6r 5->t7?iwvh i3o~i3 6 ^ «fc ujas* tiS f >f V 
j:tf*tt&©*n^n©4My£jitfci\ lEftft^nfdB^Ki^fetc, 0 3, m 

41S£Zfm5, £6fC«06 Aft±tf06 B*#3HLT±lc3'<feJ:5fi:LTft 
3£2ft£> 0 BlfSt^VK'* 1 4 2 OlgSOS^: 5 W^tfH SOHSfCSeoT 

VI 4 0i3<tW#P)4T.fc^'f >K9 1 4 2#C CT?ti0!li: LT;S2 

3 0 Wfctf* «IW»4 4KSifin«n/aaWB8l4B6A.K*«n*i:4: , btel(iBI 

h 1 3 0-1 3 6fc8J;ta2rnfcSgg«» 80B#0 6 A<08B&5 2 fcHUT, I3<£ 
01 2 AfcwSti*J:3lc, JH^ffliP^nSi^fcUTfeiV^ — M 

oa^b*wr*sgss^-OK^«. ^06 B»c^nAct>©i:isifiift^? 

— jS<7»-r >y£xl^;y h 1 3 0— 1 3 6 icGiiSQSitxZ&m'Vl 



9#^P 1 1 -5 0 8 3 5 9 



vm^^yYV nm.tLTfc&Z i5(c, fflB/Vl/^OHfci»A*n*«t 3 (cut 
feJ:v\, — lo->t7?iW vh l 3 o~ l 3 6tcBiira^nsffi^« 

oo^fcapa-wtesmstf, ffiKttiinft^frfcLtifcVN, fox, a 
tu * n*© a m<D&tmm$ a mvimm^t: nx v > & gggt 9 -r v h t> *m 

0 1 3H\ H^HjMHEOfcfcOfflSS'^x.k 1 4 6 07l'l'S»*^7 1 
1 OOiffl§0SfiCiLTV«. ->7>7^A 1 4 6«7J^^ 1 1 0 £"§-A/ZM3 9 
, iA^7l 1 Ottfflfrai 4 8fr5T77***J:3fc:»«sn, ->fy?il/ 
^vM30~i 3 6©5«^*^KB9K:mffaofRff^ri6iK:SET?**. * 
^7l 108, *W 1 5 2 * J: 1 5 4 , 1 5 6 33 £Xf*m 1 5 8 l;iMW 
fC§-A,T*V>5 0 01 3CS?^tV^±3fc, 7W 1 2 2©§->fy^xl/ . 
^yM 3 0, 132, 134, -, 1 3 6^§^£DE#^Iit 1 6 0, 1 6 2, 
1 6 4,-, 1 6 6*S33£"r*. ±3B«m4i?*L<tt, 1 2 2<0->+y 



(50) 



WmW- 1 1 -5 0 8 3 5 9 



-r^gt^^F^WLTV^o HK&TU-r 1 1 2©ff 1 1 4<D&mc&-? 

2©«#©#^fcwrsci:#T?#**\ b i 3 -ea4>»©gjK-©* 

**A/CV»So Wff« 1 4 8t>mm 1 5 0<0±%«ff , r«K:otlT, 1 6 
0~ 1 6 6 it f~Zfvi/3.-'7>l—-L (push-broom) (S^flfcoTfttr 
OH) J JgSCTf*»0±*jfeaEL, *tHC* D»«frtt, ^©&*©s§8i>>^ 

F?H\ 5 8<DXn-:7V5J;3&. 1*«*©lSja©g{fcfc3S'& , rs<J:3»z: 

«%S»J«i«^nt-yin 7 0tt±E9>ryiB«kraHIMB*i:«»te» if i 
y?ti, #^1 l o»«:«t:i?»6ttfc— ;l/FfcL<tt:7U— A«t»©«J 

^i6o cf»teaffl^nfci«io«ati. 00*»*a< 7^-;vKtu<a7i/-A 



(51) 



1 1-5 0 8 3 5 9 



fi, A^7l 10 ttit«nT^T, 1 7 4, 1 7 6 33J:tf 1 7 8 IcBW 

^^w$B^^ty, ^s©7-<>i®m i6o~i6 6*«*-r*. @HE">+ 

7M 8 2fcflKDtfW-&ftfc5 7-l 8 0*^11 7 2 «NK Lt7^ ViB#^ 
if/D-feyHtl 7 0*11 3lcMLT±tcmW^fc<DtfflmiCLT, 

j^cis^T. 7^ylt*^7 i 9 ott«*2 6©sfc7SE«*fflafc:f3*o * 
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